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mtmmznm m^ii^ $ n -S) k ic tt ^ ^ ^55-^75^^m» % -c\ 

S i O2 : 4 0 - 7 5 %, 

A I2O3 : 3-2 0%. 

B2O3 : 0-8% {tzfzL. -fn^-^tf) , 

R2O (R = Li, Na, K) : 5-1 5 %> 

S i O2 + A I2O3 + B2O3 : 60-90%. 

R' O (R' =Mg, Ca, Sr, Ba, Zn) Ol&S : 0 - 2 0 % {tztzL. -tr" n 
tf) . 

T i O2+ Z r O2 + L nxOy : 0-15% (/c/i L-t'n ^-^tr , i Tt: L n x Oy (± 7 > ^ 7 
^ Y^mmmikXfYzOz, NbaOs, T a 2 O5 T^^fb 4' -SS^ ct I9 ^{fnf^il'^^ < <!: ^ 1 o 

1. 5<Al 2 03/B2 03 Xl± B2O3=0% 

J:t?f14i^ (E/^) ;i/^^3 OJiJ.±. >?7-^IIjSH 5 0 - 6 5 0 . T;l-:^';?#ta 

fiA7552. 5 ^ y^i^^;:: 3 5 0 p p bmT> S i v§tb» S 75^' 2 . S^y^T^ 

7.^ ^fz'O 5 Q 0 v> X> h]>XT. "^mmm^K ci)^0 . 80 (MP a/m'/2) j^^^j-^.^^ 

lit*]^4l 

1 - 3 (r>\^^'rfii)-\,z%zm.(Dny7mm\>zmm.%'^m.m^iimLtz^t ^wmt-r-s* 
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[^m(D^m mmi$mi^m :^'y^mm.R r/z n^m^^ fzmmmmm^ 
[0 0 0 u 

[0 0 0 2] 

g^SU(±7;^5 A^#7:)^\ hS^> fa.-^^^/<-r;^Sn>t°i-^^r 

[0 0 0 3] 

'fb ffyTsCD Mit is T . -fb^^iftiiiS i± >^ n ^ -e (i —m'^ \,z 5JFJi^a<7) ix . 

m^^^^c^ tmm^^-izu^L. mm^^^s^±^f^zt:dmL^^'::>fzo ^zx\ m^i£ 

mW^m 1 1 #Pfg 2 0 0 0 - 7 6 6 5 2 -t^lg (# ^ff *OteH. (0010) ^ 
- (0 0 12)^) 

[0 0 0 4] 

10 0 0 5] 

*f&B^i±c:o J: ^ ti:'i]t^(r>f^m\zi^^^x^j:^ixfzi,(DX^ ^ . @ 6^ 1 1" ^ t ^ ^ (± 

^-r^mmummwrnify^mwi^^wm-t^ztK^^ho 

[0 0 0 6] 

4^ It^gg^ii^Ift ^ MfJt-r ^ ^ <!: ^ ^ o 

[ ^ ^^-r hfzifxo^m 

[0 0 0 7] 
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[0 0 0 8] 

i5if^:»'y7.ftSL^i:. Si02 140-75%. Al2O3:3-20%. B2O 

3:0-8% (fzrzL. Hfo^-^tr) . R2O (R = L i , N a, K) (OmMi : 5~ 1 5% 
. Si O2 + AI2O3 + B2O3: 60-90%. R' O (R' =Mg, Ca, Sr, Ba 
, Z n) (DmM : 0 - 2 0 % (fzfzL. -t'n ^#tr) . T i O2 + Z r O2 + L n x Oy : 0 
-15% {fctzL-^ui^ts. tfzL n^Oyiiy > ^ y V^mmit^RVY2 03, Nb 

2O5, T a2 05:^- h^j:^mxn mitwz{i^-^j:< tii i^<nit^^mii&:^-r^) tL. 

1. 5<Al2 03/B2 03 Xfi B2O3 = 0% 
^it/S-r^i 9 t-1--S07&^-ftti Lv^o 'S^iJ. Ay.T r%J (i#tiSff»)co^:v^|3gi9 rSB:%J 

[0 0 0 9] 

tfzitm^^ (EX p) ^3 0m±. l^-y ^-X51j^H V ^ 4 5 0 - 6 5 0 . T;b^ 'J 
?#tB*Ai5 2. 5 ^ ^ ^ ^^/i i9 3 5 0 p p b mr. Si?#ttlfiS^2. S-f^^ 

r^;^^^7tf9 5 0 0 p p bJL^T. i^l^i9l±fiKc ^0. 8 0 (M P a /m'^-) Jil.± t 

[0 0 10] 

5 s e c 0^i^TI,zx\^ y :f} -y.E.l^l>zXJ±mi^nrti^^^hniiiLfz (I2I3^#bs) 

o 

[0 0 1 1 1 

Kc^O.OlS (E/Hv) (P/C'/-) -0.026E>/2 P'/2 a/C'/-' 

(^'t'. Kc : 5^i^l5l4{it (Pa-m'/2) ^ e :?^tti$i(Pa). Hv : H -y ^ - (Pa) 

. P : #Lii<^^#S(N). C : ^ y y ^ M^<D^iiJ<7)^F^Hm) . a : £E^i(7)*^:^^,;R$ co^ 

tfz. S i v#ms:S;S.(7T;i^:^ 'J -i^thMAfi. ^^.'ftislLaf^O ;^^1KO|efiffi^^JFS 
mmLfzm. I cp§t^^itmjfmmx^(Dmti!,m^^'-^LntiiLfzmx'i)^o Ltz-h^o 

T7;i/:^ V-^tBStiL i, Na, Kv#mSO|g:fiT-^) ^ o it^ffti^ (E/^) [t^y^fm 
Eiiitm.pXm^fzm.Xh'oX. ^yvmt] I ^ R l 6 O 27r^>-t9 5 ^i?^?. 

5 °C O^^TK'f' rlJJ^ L Tt: ^ (DX^ ^ o * - ;^ H v (4 . \£ y ii ~ y MB.^.^- 

«^ffiVM"»f*l 0 0 g. :^WB#P^ 1 5 s e c(Dm^y\,zxm^\^tzm.Xi)^o 
[0 0 12] 

J \z I ix[t^ ify^ mmzmmmm ^f^^^Ltzzt^^mt-r^h mmu 

[0 0 131 

:^^m<Dmmmm^mi^'y ^mmxii. nmmiixv''[Hmmi<z^^itm^^^^'tx^- 
i>(DX9]- ■ \Hmm^i^,^,t Lfzmm'^mm^m^L^z < < . mnm^^mm<^\^±:^mir^ 
o t fzMmmmzmi^. mmum^^ tmm^'x :^'yymK:^'mm-r ^^t ^^iz<mi<zi&m 

^ir. 7j-mmLfzm^^liZiB\.-xi>±^ <mm.LXJ:mt:i^Pk1r^Ztf}^^J^^^j:\^^o tfzm 

mmmmm^ti^mizim'itm:^mm^^z:^^L^£\^-<Dx. mm<Dwm.mRV¥mm 

[0014] 

ifz^mmmmzmMMxi^t. m%Z(oifyymmzmmzmm^iim\^tz(Dx\ Mit 
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[00151 
[0 0 16] 

xmtm<^jZ'ti^zis^m-t^ify^ mm. <DfmmtimmLfz<Dx$>^o 
[00 1 7 1 

xif'yy.mm.mm^zf±mfA:'t)^^±^^x^i?jt'r^o it^mnmi^it lxh. mm^j v •> 

, ^^(/M±. znh(DiM.liZC u. Ag. Rb. C s ^j: tO-i t ><DtM.^M^Ltzi><D<Dm 
[0 0 181 

it^^m^zx^mi\:m<Dm^ii. mi^ir^mmmx^r.-tx^iz (^2^#h,?.) . it^^^ 
itmu<^mm'<^m t mmMm ti^zx^ xmm. $ o ^^-mum^^^M^^^i t\ t tzmmMm 

mofy ^m^coify T.nrMi^.^^m.L'M'M.iik^-riu^x <. ji#ii 2 8 0 -6 6 oro 

m.nii'^^kYt L<. ctl9$ttL<(± 320-500 1C(^teH-e^-So i fzW:m.nmt 0 . 1 
[0 0 191 

7 ;^ mwi (Dnmmn xxf^vmm^zitmmtK X :hmm^ #4 $ -ti- . a o § siim -e * 
tzism.xitmMmmzw:m^^^iim-h^^^hKhi3''^ ^t^tt^ i^-^^m.-t^ tmm^ 

[0 0 2 01 

mite, :*'^>?.^^<7)MdtX^liI^^-ro ify:^y'uyir^pjf^(7)m^XFimfmi<zy. 

(a) ) o zzxi7'yy.mmi <y:>^ ■ ^mm^. mM'oxiiXi^^mLxio < (Dmi-t L 

rmi 2<7ymMi<zm:m^izmnmm2 m2i,zm7F) tm^^tux, ^x^xza^ifyy. 

mm. 1 ^?n'^i^mzi]m.\^fzmm%.\wmzw^imwa:».\^x. nyy^mi \ o^m^th 

1 3 ^ffM^-ti:^ (Pim (b) ) o LT. HyT^mm 1 0±ffi 1 1 tT® 1 2 t 
^IMYM 1 3 0)Wc^ct 19 ^?^<lfSL. M 1 1 tTMl 2 tiff^)?^ $ ^Tti^^-fk^ 1 3 ^SiFJg 
BlJP^i--2) (IWIIII (c) ) o --•e«fJS-fi{±?i<l:«<7))¥^<^2 ~ 1 Ol^fi^Ti^'WJ Lv^o 

mmmt iz x h i^m ta hn-^o mmmt tLx i±m x. (f\ m^^t-t ')^A^T)\y< 

[0 0 2 1 1 
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S i O2 : 4 0 ~ 7 5 %. A 1 2 O3 : 3 ~ 2 0 %. B2 O3 I 0 - 8 % {fzfzL. -tin ^-^ 
tf) > R2O (R = Li, Na, K) <DmM : 5-1 5%. S i O2 + A 1 2 O3 + B2 O3 I 
60-90 %> R' O (R' =M g. Ca, Sr, Ba, Zn) (D^M : 0-20% (fz 
fzL. -t'n^-^tf) . T i O2 + Z r O2 + L nxOy : 0 - 1 5% (fztz L-ifti ^^ts . t 
fzL n,^Oyliy>i^ y ^ V^mmt^RVYzOs, Nb205, T a 2 OsTS^ib ^-S^ J: ») ii 

1. 5<Al203/B203 Xli B2O3=0% 

[0 0 2 21 

faT1-^t*li. +^'5rp|lJ^47&^l#'b^^^ < L t^t&^'o T^^»{± 4 0 - 7 5 %<^^H 

7&-'$?i Lv>o J: I9*fi Lv^®H{i 5 0 - 7 2 %0^ia-e^-?)o 
[ 0 0 2 3 ] 

^fli^^^^m^^m-rio -a^»>e>^'3%*?ii-c-f±+^--^^^-fi:jc^*^?#^,^xT\ ttzmt 

MtCjoV^T^:t >^|^75-'^^LTii^TL^ < ^:>S>o ^Itii:^ 2 0 % ^ ® x. t y#il>tt7j^\^ < 
t'i9. ^S14tc^p$^?lti-o L/c7^^^o-C-&"W»{±3-2 0%O^H7i)^~$jFi Lv^o J:*)^* 
Lv^laiaii 5-18 %<Dmm'^^$)^o 
[0 0 2 4] 

B2 03f±v^il'tt*a:IIL^^14^[^±$-e-2. i^U. ifvT.^ Y 'j i5'>!>tt't-A'9 ^^^^ 

) <7)|ga75^'»i Lv^o J: tj^fft L< {i6%mT-e*-2)o 
[0 0 2 5] 

y^-9v?«(7)#t§j55c55^tr^-2)Cti'b 3o(7)#-7y^^55' (S i O2, AI2O3. B2O3) <7)|t: 
MtJ^' 6 0 % =t 19 ii-^ ^ ^ . p^' 9 ^ OtSit ;^>^lfegg i: 4^ * HU fEI§;fl:^^~ 9 0 % ^ ^ x. ^ t 

. ?#i!l;1±7:>^^fg:T L^^ttT^^^^-^ X^fzif^ Tmfiei&iii 6 0 - 9 0 %<7)fEH75^^ftt i L 
o J: L(/^l£Ht46 8 - 8 8 %0|EH-e^^o 

[ 0 0 2 6 ] 

T;U^ 'J#^@t'ft4^R2 0 (R = L i, Na, K) (±. v#i!l>14^5§:# L. ^^tt^lRlii 
a?!)^' 1 5 % X. ^ i: . #7 ;^ -t^&Pal $ T ;w :^ »75^^i©iiJ ^ 4" O T ;^ 'J v^ffi 

- 1 5%«OtEH75^ftf S Lv^o ct I9$f i H/^teH{± 7 - 1 6 %<7)^ar-^)-2,o ^f^, T 

^O^S-^^j^OTH-^^^a^-en-^no. 5%i:-r-2>07i-'Mi Lv^o 
[0 0 2 7] 

2 fffi(^#^^fl:%R' O (R' :Mg, Ca, Sr, Ba, Zn) l±. BlJ1±^±tf ^ t 

*tCr#l*14^a:«L. if9^mi^^'S^it^^:hnW:imir^o R' 00^^»75S2 0 % =^ 

i>o L/c75^~oTR' OcT^-^^fiii 2 0 %iilT7)^~iftt Lv^o R' 0«7)|t:fi<7) J: «9 Lv^± 
Pl^ia 1 8 %-(:^^)^o R' 0<7)#^5j^<7)ifig-^^4(±^<7)ffi 0 -c-^-So 
[0 0 2 8] 
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tii)^h^o Lfzii^^X^mmtO^l ^%(DmMi}mtL^^o ii9$fiLv^±|M<fi{±l S 
[0 0 2 91 

10 0 3 0] 

^*«:(± 0^8 %(Dmmi}Hft Lv>o i I9$t* tv^±PI<i{i 6 %X^^o 
[0 0 3 1 1 

ti:i>ii^iti)^^^o \^fzi}^^X^^miO-8%(n>m.mi)mtLy^^o J: t?$f * Lv^±|5^ifi 
6 

[0 0 3 21 

±M(± 5 %T-^>?>o 
[0 0 3 31 

2O5, T a20556-'b^^S^cI: !9^fftL/iiJ/4- < t ^ 1 oc7)fb'^!^^^R^L. ^ > ^ y K 
#^^^t!^i: LT(±, L noOz'^L nO^jit'-h^mi)^^^ . LntLTtiLa. Ce, E 
r. Pr. Nd> Pm. Sm. Eu. Gd, Tb. Dy. Ho. Tm. Yb. h\xti:tiji^ 
mJhixho ^^X (T i O2+ Z r O2 + L nxOy) i^^ \ b%'km.x.^ tijy 7.-h^y\'^'^^ 

^XZ.iih(r>mmt\ i S^Sf* Lv^lgMfiO. 5~13%Offiffl-e 

2b ■?> o 

[0 0 3 4 1 

i />::$:||B^O;^'9^ffl;3K!^-etiB2 03<7)'^^i^s-fc'n-e4^v^t#-^, A l 2 03/B2 03=^ 
1. 5 ct «9:^^ < •r'i.'ii-^3^>-'*^o A 1 2O3/B2O35O-M . 5JL^T-eab'5> ify:^<Dm 

^LXmnHZ < < 4^;ii^ib-e*<2>o 
[0 0 3 51 

:^^m<r> if y 7.^.5^ t LT, S b2 03^:i:'<7>V»M^2%JiiT<7)^H-e$'btiTr^J!jpL-C 

^ ctv^o -e<7)'(i!i-j>:-^tCci: ^^^^<k^<Difyy.^'ifRmmm\^^^m<Dnw:^mLti:^^m. 

[0 0 3 61 

, 3 0 0 - 1, 5 5 0''C\>Zl)m.^i-^fzm%-llP^<D^±mi^ti: tlzWX 

L> mmm'mk. mwi^mti^x^ibiim^iitzmmr^m^^. i^.r^Lxijy y^yu -y ^ 
tc-r-So >kiz^ ifyy^^^.<^A-ti&txmmL. ^.r^Lxm^M^'tn')o tx^xn^fi 
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10 0 3 7] 
[0 0 3 8] 

If -7 :^-y^®J^H v(i 450-650 <7)|Eia7)^^it i Lv^o y iJ - v t^M 5 0 

y i] - y X ^y^t Lv^TI®{fi{±5 0 0 "C^) 0 , <fc Lv^±|5gii(i6 3 0 

3b -2) o 

[0 0 3 91 

T;^:^7 y V#ai*A(± 2 . 5-r>f^T''f ^'^^'^Ttl^ 3 5 0 p p biiJ.T7&^'ftft Lv^o T;i^:^? 
'>l?tai»A:^^^3 5 0 p p b i (9^*/^t. ^^/'^ ^^«^tf |RfB§iffl^l#:i: L Tffl v^/c^^^ti 

it-t^-h^hX^^o ct i9^t^ Lv^T^l^T^? 'Jv#ai*Ai±3 2 0 p p bJiiLT-C-^).i)o 
[0 0 4 0] 

S i v#ffia S (± 2 . 5 >f-T-V ^^^/c!9 500ppb \:XTi)mt Lv^o S i O2 f± 

^mimir—o<Dmmt^j:^o s i mtiimsi)^5 o o p p h xn^^^tMiT^mz^^n . m 

^Xfl is tt Wf^g ^-^^X^-eo^^^^ttTj^'l&T L . t tz±%^<7yii^5^},z X^§m^ 
Stt^1-v^O-t:i^#$^tt;^^~^.< 4^^o S i J^tfiSSiOJ: $ Lv^lSHtix 2. 5 > 
^rV ;^i^^f^t9 4 0 0 p p b JiaT-C*-&o 
[0 0 4 1 1 

^z,i}^hxi)Z>o ttz. maisMKcTiso. & omnxi)Z>t. m^'^m.mMT.K^y^^ 
xmmmkm^'Si^i^'f < 4- > junx^g^ 19 < f&n-^o ssitigiMK c ^oj: 19 

Witv^^HliO. 8 5JiiL±-e^-5.o 
[0 0 4 2 ] 

^l§B^<7)#^;^^«i±. -eo^/^i $tlPI^I±4- < 3 . 5, 2. 5, 1. 8^>^. 
vM±-etLJiJ,TO/Mlx^;^^ <i:-r'2)>-<!: ^bt:^. ^ $ (± 2 mm^ 1 m m. 0. .6 

[0 0 4 3 ] 

^ . O 7 ^ ^ ffl V ^ If fBf Eliffl o V ^ T m 0^ -r.^ o it fli HEIiffl 

T . mis i mmzmm ^^z-Dx^^xim-r^o 

[0 0 4 4 1 

m\izm.\im.2 iw:mmi^Lfzi>(Dx^^o m.'&.m2 mmiimt LTfit^^^^o;^-^^ 
m^^^^^tii^x^^ m^i£m.mi^^^-Wi^^tzmmi\:w^mimm.±kzy.\£y-=i- y l 

If :/=r- hftT-<7))iI)?{i*^0. 3-1. 2 ;« m@)^. ^ >iJ^-^T'OMiP{iO. 0 
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4-0. 0 8 /umms.. MMmi6'Dbm-rr(Dmmiio. 0 5-0. 1 /itmmmx'^*) . m 

[ 0 0 4 51 

<^M*JftJ^!#^f-:i6tl|SBSHm:'Jl4(7)i^C'^C o L> B61Jt:- 

N i r ^j]nx.;t:C o.^.-^#4^i:-7:)^~iitiit:-^^o M^m^^za. C o ^±)^5tt1-^C o 
Pt. CoCr. CoNi. CoNiCr^ CoCrTa. CoPtCr. CoNiPt 
CoNiCrPt, CoNiCrTa. CoCrPtTa. CoCrPtB. CoC 
r P t S i O^j:t'^^mifhtl^o m^mH. $¥mi^m m^.^^. C r. C rMo, C r V 

t-) x-^-m LJ ^ X(Di&m ^ m o fz^mmji^. m^if. C o P t C r / C r M o / C o 

PtCr. CoCrPtTa/CrMo/CoCrPtTa4-<!:-) tLXi> X^^o ±U(D 

mmin<Dm. -y v^.. %%-^±mh'^. s i o 2 . ^^tai^-h-h-f^h mmm.^ 

iCFe. Co. FeCo, C o N i P t ^<7)M1±l!i^=-=^55^tJc$ ti/cMcOi^'^ - ^ 7 - =5r 

J; v^o 

1 0 0 4 6] 

T^ctv^o flit^iJ^ LTIi, 1^Jx.(im#^?irt^J-e*^/N--37nn.i?'j j^-T-;w (PFPE 
[ 0 0 4 7 ] 

Mt^fL«i:-Cji^$tt^o Tflb^om^i: L-Cti, ^Jxlf, Cr. Mo. Ta. Ti. W. 

C o ^±;55c5t<!;1-^?lii4M(^it^"tc(.±. ii^#tt[6]±*|cr)mA^^'b C r ^#:^C r ^ 

mnmm^t tr^jlt^p^-^/^o -^J^tf. C r/C r . C r/C rMo> C r/C r V. N 
iAl/Cr. NiAl/CrMo, N i A 1 /C r V^O#^TJtil© t LT ^> i V^o 
[0 0 4 8] 

ait)iI<7)J^-|€^i^:ft*|5*lh1-^l^li® i: LTfi. 1^iJA(i\ Cr^, Cr^^M. 

h<DmMmii. t Lxi, x< . ^;5,vw±. \s]-xiimm<Dm^^hf^^^mmm.tLx 
(Dmmx^mLfz'piz^ =iu4 y)Viy^):fymi^i^m.Lxm^L. ^hKi^fScLxmit 

"r-^m (S i 02)^=^fMLr iv^o 
[ 0 0 4 9 ] 

{mmm \ ] 

[ 0 0 5 0] 

mmm i - 9 , iti^^j 1 - 4 

5 5 o°cxmm\^fzo w.w^'jf^zmmLtz(Di^. m.wm^ii'y ^mm^nxL. *^ib# 

:Lh\,zX^Xif^ y ^ ^#/Co ■^<oik^ify7(r>ify7.%i,W',^M'T&tXii'7:^y'u 
y ^ ^Mil^L. t^i%"LT^^i9 i^j^fzo nhfitzif'7 T.-y'u y ^ ^11$ 0. 6 3 5 m 
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